Abstract The present study was undertaken to investigate correlation between some hematological parameters, acute phase proteins and immunoglobulins in the experimentally infected goats with Besnoitia caprae from the time of infection till 360 days post infection (DPI). Six male goats, approximately 12-16 months old, were inoculated subcutaneously with approximately 1.3 9 10 8 bradyzoites of B. caprae and blood samples were collected at weekly intervals from the jugular vein of the goats. Total leukocyte count and differential leukocyte counts were determined. Acute phase proteins (APPs) including serum amyloid A (SAA), haptoglobin (Hp), fibrinogen and ceruloplasmin were undertaken at weekly intervals. We evaluated an enzyme-linked immunosorbent assay (ELISA) (using a somatic antigen of bradyzoite) to detect anti-B. caprae antibodies in caprine sera. Cysts were present in the skin biopsies of the distal parts of the leg of the infected goats from 28 DPI. From 30 to 360 DPI, results showed that the APPs concentrations including SAA, Hp, fibrinogen and ceruloplasmin were enhanced in the serum of infected goats. However, there were some variation in hematological parameters; the differences were not significant with those of the normal values. Some variations were seen in the levels of specific antibodies against this parasite and they had correlation with some hematological parameters and acute-phase proteins.
Introduction
Besnoitiosis is an economically important parasitic disease (Heerden et al. 1993 ) in a wide range of domestic and wild animals that is previously identified in nine species of animals including cattle, goats, sheep, equids, reindeer, caribou, opossums, rabbits, rodents, and lizards (Leighton and Gajadhar 2001; Dubey et al. 2003) . Besnoitia infections in goats have been reported in wild and domestic goats in Iran (Cheema and Toofanian 1979; Oryan and Sadeghi 1997) and Kenya (Bwangamoi et al. 1989; Bwangamoi and Njenga 1993) . Thickening, alopecia and hyperkeratosis in the skin of the infected goat occurs due to localization of the Besnoitia cysts in the dermis and subcutaneous tissues. Localization of the Besnoitia cysts in these areas results in tissue necrosis and infiltration of mononuclear and eosinophils in the affected area (Oryan and Sadeghi 1997; Njagi et al. 1998; Oryan et al. 2008b) . Substitution of the cysts in the parenchyma of the testis and epididymis and its adverse effect on spermatogenic activity and goat production in male animals is previously reported (Kafi et al. 2007; Oryan et al. 2008a) . Its extensive skin damage criteria together with condemnation of infected carcass organs and the parasite's adverse effects on growth and weight gain in association with reduction in male fertility makes this disease of great economic concern to the mutton and leather industries as well as animal breeders (Bwangamoi and Njenga 1993; Oryan and Sadeghi 1997; Ellis et al. 2000; Cortes et al. 2005; Oryan et al. 2008a ). The life cycle of Besnoitia caprae is not yet completely known and the intermediate host range and the definitive host(s) are not known. There is also a controversy between the investigators in the main natural route(s) of transmission of this protozoon from definitive host(s) to the intermediates (Oryan and Sadeghi 1997; Njenga et al. 1999) .
Although the changes in the biochemical and hematological parameters in the naturally infected domestic goats by B. caprae were studied previously (Nazifi et al. 2002; Oryan et al. 2008b ) but no report is yet available on investigation of correlation between hematological parameters, acute phase proteins and immunoglobulins in the infected goats with B. caprae. Therefore, this experiment was conducted to investigate correlation between some hematological parameters, acute phase proteins and immunoglobulins in the experimentally infected goats with B. caprae from the time of infection till 360 DPI.
Materials and methods

Isolation of Besnoitia caprae
Goats with chronic besnoitiosis were identified by observing Besnoitia cysts in their conjunctiva and subsequent confirmation of caprine besnoitiosis on the histopathological sections of the skin covering tarsal or carpal area (Bigalke and Naude 1962; Oryan and Sadeghi 1997) . The naturally infected goat, exhibiting clinical features of caprine besnoitiosis was culled and then painlessly euthanized according to the Iranian Veterinary Organization rules and the skin and subcutaneous tissues from this animal was collected and stored at 4°C. To remove surface contaminations, tissue pieces were separately washed in a petri dish containing Dulbecco's modified eagle medium (DMEM) supplemented with 2 % fetal calf serum (FCS), 1 % antibiotic solution (10,000 IU penicillin and 10,000 mg streptomycin/ml solution) and 1 % Amphotericin B (250 mg/ml). Subsequently, the tissue sections were cut into 1-2 mm 3 pieces with scalpel. The DMEM with liberated bradyzoites was collected and centrifuged at 7709g for 15 min at 4°C. The pellets were resuspended in DMEM and the B. caprae bradyzoites were counted using a neubauer chamber. Cryopreservation of bradyzoites was conducted by resuspending the bradyzoites in FCS containing 10 % DMSO, and freezing and storage in liquid nitrogen.
Infection of goats
Six male goats approximately 12-16 months old, from a non-infected area were carefully examined to be free of Besnoitia cysts in the scleral conjunctiva and in the biopsy from the carpal skin under local anesthesia. No Besnoitia cysts were reported from at least 120 km surrounding the area that the male goats were collected. Each goat was inoculated subcutaneously (SC) with approximately 1.3 9 10 8 bradyzoites of B. caprae. The goats were located in separate boxes, each one in a different room and the animals were observed daily for development of clinical besnoitiosis and skin biopsy from the distal parts of the limbs were collected at weekly intervals and histologically examined for Besnoitia cysts. Five healthy goats were bought from the herd and were used as control.
Hematological and biochemical analyses
Blood samples were collected at weekly intervals from the jugular vein of the goats. For hematological parameters, blood samples were collected in vacutainers containing EDTA as an anticoagulant. For the serum biochemical analysis, blood samples were collected into vacutainers, and serum was separated by centrifugation at 7509g for 15 min and stored in a freezer of -20°C until use. Total leukocyte count was determined using standard routine techniques. For differential leukocyte counts, the blood smears were prepared and stained with giemsa stain (Jain, 1986) . Hp was measured with a commercial colorimetric kit and SAA by a solid phase sandwich ELISA (Tridelta Development Plc, Wicklow, Ireland). The analytical sensitivities of these tests in serum have been determined as 0.3 lg/ml for SAA and 0.0156 g/l for Hp by the manufacturer. Ceruloplasmin was measured using Sunderman and Nomoto (1970) method and fibrinogen by precipitation-refractory method as described by Thrall et al. (2004) .
Immunoglobulin assay with ELISA The Besnoitia-ELISA was carried out by the following steps: frozen B. caprae bradyzoite pellets were resuspended in PBS 19. Subsequent treatment by five freezingthawing cycles (-70 ± 37°C) and final processing by ultrasonication (3 9 20 s at 65 W) at 1°C yielded a soluble B. caprae-extract (Somatic antigen). The extract was sedimented at 100009g at 4°C for 10 min. The soluble supernatant was used as somatic ELISA antigen. Coating High-binding plates (Greiner Bio One, Germany) was done at a concentration of 1 and 1.5 lg protein/ml PBS 19 (for IgG and IgM respectively) at room temperature overnight. All protein concentrations were assessed by the procedure of Lowry et al. (1951) using bovine albumin as the standard. The washing and blocking solution was PBS containing 0.05 % Tween 20 (PBS-Tween) and PBS-BSA 3 %. Serum incubations were for 60 min at 37°C. The second antibodies were horseradish peroxidase -conjugated rabbit anti-goat antibodies (Sigma) diluted at 1:10,000 in PBS-BSA 3 %. The conjugate was incubated for 45 min at 37°C. The substrate used was H 2 O 2 and absorbance values were determined at A 405 nm using ELISA reader (Immunoscan plast, BDSL, USA).
Statistical analysis
The data are presented as mean ± standard deviation (SD) and the level of significance was set at p \ 0.05. The data were analyzed statistically using statistical analysis system (SAS) software. The correlation between hematological parameters and APPs was analyzed by correlation test.
Results
Cysts were present in the skin biopsies of the distal parts of the leg of the infected goats from 28 DPI. The mean ± SD of hematological and APPs values from different samples of each goat at weakly intervals are presented in Table 1 . However, there were some variation in hematological parameters; the differences were not significant with those of the normal values. From 30 to 360 DPI, results showed that the APPs concentrations including SAA, Hp, fibrinogen and ceruloplasmin were enhanced in the serum of infected goats.
Some variations were seen in the levels of specific antibodies against this parasite. There were similar changes in process of these antibodies and some hematological parameters and acute-phase proteins values of infected goats (Figs. 1, 2 
Discussion
Despite presence of variation in hematological values, there was no significant difference between hematological parameters in experimentally infected goats. Nazifi et al. (2002) studied the changes of hematological parameters of the naturally infected domestic goats with B. caprae. They observed macrocytic-normochromic anemia, leukocytosis, neutrophilia, lymphopenia, basophilia, eosinophilia and monocytosis in naturally infected goats. Naturally infected animals probably had mixed infections with other protozoa that might affected the hematological parameters.
The serum Hp, SAA, fibrinogen and ceruloplasmin concentrations of the infected animals were significantly higher than those of the normal animals and they enhanced by increasing of post-infection days. The acute phase proteins are a group of blood proteins that their concentration in the blood of animals change subjected to external or internal challenges such as infection, inflammation, surgical trauma or stress (Eckersall 2004; Murata et al. 2004; Gruys et al. 2005) . They are mainly synthesized in the liver, mediated by pro-inflammatory cytokines, and their concentration can increase (positive APPs) or decrease (negative APPs) as a consequence of inflammatory stimuli. It has been suggested that APPs may be useful in the assessment of animal welfare (Eckersall 2000; Murata et al. 2004; Murata 2007) . On the other hand, it is suggested that various infections and inflammatory processes may be associated with different APP pattern details, which may lead to APP parameters being used for diagnostic purposes (Gruys et al. 2005) . APPsand their changes due to various inflammatory and non inflammatory conditions have been studied intensively in many animal species (Kaneko 1997; Eckersall 2000; Murata et al. 2004; Gruys et al. 2005; Murata 2007 ). The specific type of APPs and the time course for alterations in these proteins vary in different species on the basis of the initiating disorder or underlying inflammatory process (Feldman et al. 2000) . Serum amyloid A and Hp have been proposed to be markers of stress in cattle and other species (Alsemgeest et al. 1995; Deak et al. 1997; Hicks et al. 1998; Arthington et al. 2003; Hickey et al. 2003; Pieiro et al. 2007 ). Hp is a major acute phase protein in numerous species of livestock and domesticated animals. Elevated Hp concentrations occur not only with inflammation but also with some conditions not generally associated with inflammation or tissue damage (Murata et al. 2004) . Statistically significant increase in Hp has been observed between clinically healthy and diseased cows in similar researches with same inflammatory diseases (Alsemgeest et al. 1994; Katoh and Nakagawa 1999; Ganheim et al. 2003) .
SAA proteins comprise a superfamily of apolipoproteins and are considered one of the major acute phase reactants in vertebrates. SAA proteins are highly conserved across evolutionary distinct vertebrate species with respect to both their sequence and inductive capacity, and it is therefore generally assumed that they have a crucial, yet ill defined, protective role during inflammation (Uhlar and Whitehead 1999). Elevated SAA levels are found following inflammation and also under conditions unrelated to inflammation such as physical stress or at parturition (Murata et al. 2004) . Glass et al. (2003) reported that following experimental infection with Theileria annulata in cattle, SAA appeared first, followed by a rise in alpha-1-acid glycoprotein in all animals, whereas Hp only appeared in low level in some of the animals.
Plasma fibrinogen in all species is synthesized in the liver and hyperfibrinogenemia, which is characteristic of a broad range of bacterial infections and other inflammatory conditions, has been reported in a wide range of vertebrates (Gentry 2004) .
The levels of specific antibodies against this parasite had correlation with some hematological parameters and acutephase proteins. The degenerating Besnoitia cysts caused necrosis and granulomatous inflammation in tissues and the main inflammatory cells consisted of macrophages and lymphocytes. Any tissue damage leads to release of proinflammatory cytokines (Van Miert 1995) . The cytokines that are produced during and participate in inflammatory processes are the chief stimulators of the production of APPs (Wigmore et al. 1997 ) and the most important sources of cytokines are macrophages and monocytes at inflammatory sites (Cem Gabay and Irving Kushner 1999) . Stimulation of cytokines such as IL-6, IL-1 and TNF-a activates hepatocytic receptors and APPs especially C--reactive protein, serum amyloid A and haptoglobin are produced by hepatocytes (Heinrich et al. 1990 (Heinrich et al. , 1998 Ingenbleek and Young 1994) . In this study increased APPs levels results from the presence of inflammation and the effects of cytokines on hepatocytic receptors.
The positive APPs are regarded as having general functions in opsonization and trapping of micro-organisms and their products, in activating complement, scavenging free radicals and in modulating the host's immune response (Gruys et al. 2005) . Haptoglobin binds to CD 11b /CD 18 integrines representing major receptors on the cell membranes of leukocytes and has anti-inflammatory capabilities (El Ghmati et al. 1996) . Serum amyloid A has also been reported to cause adhesion and chemotaxis of phagocytic cells and lymphocytes (Berliner et al. 1995) . Although APPs increase in acute inflammations they become chronic despite their name during permanent stimulation and release of cytokines. During permanent stimulation (chronic infection) positive acute phase protein levels remain elevated in comparison to normal values (Gruys et al. 2005) .
Local inflammation induces a specific immune response in the tissue and production of cytokines. IL-1 and TNF produced by monocyte-macrophages at the site of local inflammation induce chemotaxis of lymphocytes (Burger and Dayer 2002) . The pro-inflammatory cytokines activate white blood cell precursors in the bone marrow and growth of inflammatory tissue fibroblasts and macrophages (Dinarello 1989; Heinrich et al. 1990; Van Miert 1995) . Increase of lymphocytes is caused by increased lymphopoiesis in response to chronic antigenic or cytokine stimulation (Stockham and Scott 2008) . Inflammatory intermediates including interleukins and cytokines are interrelated in causing neutrophil proliferation, maturation and release from the bone marrow into blood (Latimer et al. 2003) .
Macrophages also present antigens to lymphocytes and cause induction immune response and production of IFNc. IFNc increases phagocytic activity of macrophages (McGavin and Zachary 2007) . During chronic diseases, enhancement of chronic phase proteins concentrations, c-globins, is seen. Concentration of IgG and IgM increases in response to chronic infectious agents as c-globins. Furthermore, increase of APPs causes to elevate globulins concentration (Latimer et al. 2003) . Besnoitiosis is a chronic disease related to presence of granulomatous inflammation and during the disease increase of APPs such as SAA and Hp together with some variation in white blood cells and immunoglobulins was seen. In addition, immunoglobulins (IgG and IgM) values had correlation with Apps and white blood cells and the process of their changes was similar. This seems that summon and enhancement inflammatory cells, increase of APPs level and immunoglobulins value as chronic phase proteins in infected goats are related to presence of chronic inflammation and products of tissue injury and these changes result from release of inflammatory intermediates.
